ABSTRACT: Latitudinal gradients in species numbers of marine parasites, differences between the Atlantic and Indo-Pacific Oceans, latitudinal gradients in frequency and intensity of infection, in host range and specificity, and in fluctuations of infection are discussed, as well as differences between shallow and deep water, parasite endemicity at remote oceanic islands, and importance of temperature for parasite distribution. Examples are given to demonstrate the usefulness of marine parasites as biological tags and as indicators of the geographical origin of hosts.
INTRODUCTION
The study of the geographical distribution of marine parasites is in its infancy. Comprehensive treatises on marine zoogeography ignore parasites completely (Ortmann, 1896; Ekman, 1935 Ekman, , 1953 Briggs, 1974) , comparable to the neglect of parasites in early books on general zoogeography (e.g. Schmarda, 1853; Hesse, 1924; (Redrawn after Rohde, 1982) K. Rohde 1937 , 1951 Darlington, 1957) . Polyansky (1961 , Russian edition, 1958 ) gave a brief discussion of the zoogeography of parasites of marine fishes in the USSR, and Delyamure (1968) included a detailed account of zoogeography in his monograph on helminths of marine mammals. A number of mainly Russian and American parasitologists have worked on the zoogeography of various marine parasite groups, but only recently has a brief review on major aspects of marine parasite zoogeography been published (Rohde, 1982) . The following account attempts to give a concise but up-to-date review of the geographical distribution shown by marine parasites. Also discussed are examples to show the use of marine parasites as biological tags. Relative species diversity (average number of species of gill Monogenea per host species) of teleosts in the Atlantic. Open circle: total number of monogenean species/total number of host species examined at each locality. Closed circle: = above, but species occurring in x host species counted x times. Ordinate: mean numbers of monogenean species per host species. Abscissa: means of annual sea surface temperature ranges in °C (Redrawn after Rohde, 1980b) Latitudinal gradients in species diversity
Most groups of animals, whether terrestrial, freshwater or marine, show an increase of species numbers from high to low latitudes. Marine teleosts illustrate this phenomenon well (Fig. 1) . Among marine parasites, latitudinal gradients in diversity with an increase in diversity towards the Equator, greater than that of their hosts, have been shown for genera of Monogenea and Digenea (Table 1 ) and for species of Monogenea (Fig. 2) . Although there are more species of Digenea in warm than in cold waters associated with the much greater number of host species, a r e 1 a t i v e 1 y greater number of digenean than of host species has not yet been demonstrated.
Maximum species numbers of Monogenea per host species also increase towards the Equator, whereas those of Digenea fluctuate greatly but are similar at all latitudes (Fig. 3) .
Reversed diversity gradients are shown by helminth parasites of pinnipeds and cetaceans which have the greatest species numbers in the boreal region (Table 2) . Arctic  6  7  9  3  25  Boreal  30  24  31  9  94  Tropical  7  2  18  4  31  Antiboreal  0  9  21  8  38  Antarctic  1  7  5  1  14 Delyamure (cited by Dogiel, 1964) assumed that this is due to the reduced population density of hosts in warm waters, but an alternative explanation is that hosts and parasites have originated in cold waters and had more time to acquire parasites in that environment (Rohde, 1982) . A greater species richness in cold waters has also been demonstrated for piscivorous leeches. According to Epshtein (1970) , there are 45 species of Hirudinea belonging to 24 genera in the arctoboreal region, and only 13 species belonging to 5 genera in the tropical Atlantic. Probably associated with the greater number of species of leeches, which are vectors of blood protozoans, the highest prevalence of haematozoa of marine fishes from the Northwest Atlantic Ocean is found in the cold Labrador area (various authors, see Khan & Newman, 1982) . "The overall trend indicates increasing numbers of infected species and higher prevalence of hematozoan infections with increasing distance north of the Equator." The much greater number of studies in northern cold-temperate waters explains the impressive numbers of exceptions to the rule of diversity increase in warm regions. However, all groups which do not conform to the rule are small representing only a minute proportion of marine parasites, and the overall trend appears to be one of increasing diversity towards the Equator and sometimes even of a r e 1 a t i v e 1 y greater increase compared with host groups. Manter (1940) (CheiHchthys annulatus, Paranthias furcifer, Trachinotus rhodopus) ; (3) Hawaii acc. to Yamaguti (1970) (Neothunnus macropterus, Parathunnus sibi, Euthynnus yaito) ; (4} New Zealand acc. to Manter (1954b) (Leptocephalus conger, Notothenia macrocephala, Helicolenus percoides] ; (5) New Zealand acc. to Hewitt & Hine (1972) (Conger verreauxi, Cyttus australis, Chelidonichthys kumuJ; (6) Sea of Japan acc. to Zhukov (1960a) (Myoxocephalus brandti, Hemitripterus villosus, Sebastodes trivittatus) ; (7) Sub-Antarctic to Antarctic acc. to Prudhoe & Bray (1973) (Champsocephalus gunnari, Notothenia cyanobrancha, Trematomus newnesi); (8) Canadian east coast acc. to Margolis & Arthur (1979) (Sebastes alutus, S. pinniger, Syngnathus griseolineatus); (9) Eastern Kamchatka acc. to Strelkov (1960) (Lepidopsetta bilineata, Limanda aspera, Myoxocephalusjaok) . Monogenea in Indo-Pacific. From right to left: (1) Queensland and Papua New Guinea acc. to Rohde (unpubl.) (Epinephelus tauvina, Lethrinus chrysostomus, L. nebulosus, all gills only); (2) New South Wales acc. to Roubal (1981) and personal communication, Roubal et al. (1983), Rohde, (unpubl.) Hewitt & Hine (1972) (Trachurus novaezelandiae, Thyrsites atun, Seriolella brama acc. to Rohde et al. 1980 ); (6) Canadian east coast acc. to Margolis & Arthur (1979) (Sebastes alutus, S. caurinus, S. zacentrus); (7) Chukotsk Peninsula acc. to Zhukov (1960b) (Roubal, 1981; and pers. comm .}, and the snapper, Chrysophrys auratus, from the same locality has six (Roubal et al., 1983} . Such large species numbers are not known from Atlantic fish.
The two ocean systems also differ in the species composition of their parasite faunas as indicated by numerous endemic species. A consequence of greater diversity, endemicity of trematode and monogenean genera is greater in the Indo-Pacific than the Atlantic (Lebedev, 1969 ; Tables 3 and 4} and endemicity of species is much greater than Table 3 . Endemicity of genera of Digenea in the Atlantic and Indopacific Oceans.
(Data from Lebedev, 1969) No. that of genera (see review in Rohde, 1982) . Thus, according to Manter (1940 Manter ( , 1947 Manter ( , 1955 , of 147 shallow water trematodes at Tortugas, Florida, only 26 species (17.6 %) occurred also in the Pacific, and of the 62 species on the Atlantic side of Central America, and the 31 species in the Gulf of Panama, only 5 species occurred in both regions (SogandaresBernal, 1959) . Nevertheless, according to Sogandares-Bernal, until 1959 the impressive number of 41 trematode species had been found both in the American Atlantic and Pacific.
The number of helminth species common to the cold northern Atlantic and Pacific is surprisingly high. According to Strelkov (1960) , eastern Kamchatka has 51 known species of trematodes, cestodes, nematodes and acanthocephalans, and the Barents Sea has 70. Thirty-four species occur in both regions. Of the 57 species recorded from the White Sea, 26 species are also known from eastern Kamchatka. The proportion of helminths shared is similar to the proportion shared by adjacent Pacific seas. Thus, of the 51 species from eastern Kamchatka, 35 are also known from the northwestern Sea of Japan and 26 also from the South Kuril Islands (Fig. 4 ) (see also Zhukov, 1960a) . Exchange of species may have occurred during the warm Interglacials. It is of particular interest that a comparatively much smaller number of fish species is shared by the northern Atlantic and Pacific, and endemicity of fish in the northern Pacific is much greater than that of their parasites (Table 5) . Thus, there are no less than 21 families of endemic fish in the north Pacific, whereas the north Atlantic has not a single one (review by Ekman, 1953) . One reason for the differences between hosts and parasites may be the relatively slower evolution of parasites which has not permitted the differentiation in the two regions of as many taxa of parasites as of hosts. Another reason may be the possible transfer over wide distances of many parasites which use intermediate hosts or have encysted stages and are not strictly host specific. The latter explanation can be excluded for the strictly host-specific and directly developing Monogenea. According to Zhukov (1960h) , of the 22 species of marine Gyrodactylidae known from the northern Pacific and 21 species known from the northern Atlantic, 14 species are shared by both regions. The taxonomic review by Malmberg (1970) shows that several of Zhukov's species must be separated into more than one species. Hence, endemicity is probably slightly greater than assumed by Zhukov. However, Gyrodactylidae are notoriously difficult and Pacific forms are insufficiently known. Nevertheless, the data available so far indicate that endemicity of monogenean species in the northern seas is not significantly greater than that of endoparasites with indirect development. However, more studies are needed.
Latitudinal gradients in prevalence and intensity of infection, host range and specificity, and fluctuations of infections Few studies on the latitudinal gradients of infection prevalence and intensity have been made. Rohde (1977) examined them for gill monogeneans. He found a great variability of infection intensities at all latitudes, but no definite changes with latitude. Prevalence of infection, on the other hand, appears to be greater in warm seas (Fig. 5) . 
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This is apparently not a result of reduced or absent seasonality, as deep water monogeneans also have a low prevalence of infection (Rohde, unpubl.; Fig. 5) . Host ranges of Monogenea are very small and similar at all latitudes (Fig. 6 ). Trematodes have more restricted host ranges in warm than in cold waters (Manter 1947 (Manter , 1955 Rohde 1978c) . Host specificity indices based on prevalence (frequency} of infection also show a latitudinal gradient for trematodes (Fig. 7) . However, if specificity indices Ordinate: percentages of species parasitizing one and two host species. Abscissa: means of annual sea-surface temperature ranges. After Rohde (1980a) with additional data from one trematode survey by Zhukov (1976) Sc ( based on density (intensity) of infection are used, a latitudinal gradient is not apparent. The reason is that although trematodes infect more host species and many of them frequently in cold seas, only one or a few are usually heavily infected. Sufficient data, however, are available only for the White Sea and more studies are needed to support this conclusion. Other parasite groups have not been analyzed in this respect.
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With regard to fluctuations of parasitic infections, numerous studies in cold-temperate seas have shown that such fluctuations are common but not universal (see review in Rohde, 1982) . Very few studies in tropical and subtropical waters have been made and conclusions concerning the existence of latitudinal gradients cannot at present be drawn.
Differences between shallow and deep water Rohde (1982) reviewed the evidence for vertical gradients in parasites of marine fish based on the surveys of several authors. He summarized, partly following Noble (1973) , that midwater fishes examined have far fewer species and numbers of parasites than inshore and open ocean surface fishes. There are very few adult helminths. In order of abundance the parasites are: larval nematodes, myxozoans, larval cestodes, copepods and larval trematodes of the family Hemiuridae. The parasite fauna becomes poorer with depth until the benthopelagic zone is reached. Bottom dwelling fishes have more species and greater numbers of parasites than midwater species, because their food probably includes more infected intermediate hosts, and also because they are larger and have a longer life span. However, more studies are needed to clarify whether these generalizations hold for all latitudes. The difference in diversity of parasitic species between surface and deep water pelagic fish apparently exists only in regions where the surface waters are warm. It would be of special interest to compare deep sea parasite faunas in tropical and cold-temperate zones on the basis of surveys as large as that by Campbell et al. (1980) . The findings of Campbell et al. (1980) and my own unpublished data of a survey of deepwater fish off the New South Wales coast in eastern Australia (approximately 900 fish of 30 species) appear indeed to indicate that at least some of the general trends observed in cold water fish are also found in deep water fish. Thus, maximum species numbers per fish species of trematodes and monogeneans are similar, and prevalence of infection with monogeneans is low and roughly similar in both groups (Fig. 5) . However, my survey is not yet completed and so far mainly small pelagic fish have been examined. Inclusions of larger benthic fish may well make the data even more similar to those for cold water surface fish. B. Heath is working on the endoparasites of these fish.
Parasite endemicity at remote oceanic islands Remote oceanic islands, i.e. islands 300 miles or more from the nearest continent, were shown to have a low endemicity of their fauna in the north and middle Atlantic, a greater endemicity in the southern Atlantic and Pacific, and a very high endemicity in sub-Antarctica (Briggs, 1966) . Briggs explained this by a longer undisturbed evolutionary history of the islands with high endemicity. Pleistocene temperature reductions apparently were most marked in the northern and middle Atlantic, where they wiped out much of the original fauna. Manter (1967) found that endemicity of trematodes corresponds to that of other animals, and the scanty data for Monogenea appear to follow the same trend (Rohde, 1982) (Table 6 ). Importance of temperature for parasite distribution Temperature appears to be the major single factor responsible for the geographical distribution of marine organisms. It affects faunas by increasing diversity in warm seas and by bringing about differences in the species composition of faunas. Rohde (1978b) has shown that temperature is indeed the decisive factor responsible for species numbers, since habitats which are identical in all other characteristics but temperature, support different numbers of parasite species at different latitudes. Such habitats are the gills and the body surface of marine fishes. Rohde (1978a, b) explained increased diversity in warm environments by an accelerated speed of evolution at high temperatures, probably due to shorter generation times, faster selection and possibly faster mutation rates. Rohde (1982) reviewed the evidence for temperature being the major factor that determines species composition. Several surveys have shown that helminth species from cold seas are also found, but very rarely, in warmer waters, and vice versa. Thus, Zhukov (1960a) found 87 species of endoparasitic helminths in the cold northwestern Sea of Japan. Many of these have also been recorded from other cold waters in the Atlantic and Indo-Pacific, but only two from the warmer southwestern part and two from the southeastern part of North America.
The cosmopolitan trematode species Derogenes varicus is known from a large number of fish species in cold and temperature surface waters, but at low latitudes it occurs only in deeper cold water or in regions with cold currents (e.g. the Galapagos Islands, Manter, 1955) . Finally, species from cold deepwater at low latitudes frequently show distinct affinities with surface species from higher latitudes, but not with surface species from the same locality. Thus, according to Manter (1955) , only 5 of 49 trematode whereas the most common genera occur also in the northern Pacific and Atlantic, in deeper waters at low latitudes, and in the Tasmanian and New Zealand regions.
Effects of host migration on parasites (parasites as biological tags)
Parasites have repeatedly been used to study fish migrations. Prerequisites for the usefulness of parasites for this purpose are that they have a long life span and that infection is restricted to certain areas (Margolis, 1965) . Parasites which are lost during migration cannot be used. Margolis (1963 Margolis ( , 1965 demonstrated that two species of endoparasitic helminths are excellent indicators of the geographical origin of sockeye salmon, Oncorhynchus nerka. The plerocercoid larva of Triaenophorus crassus is restricted to some lakes of western Alaska, and extensive sampling over a period of five years confirmed that the parasite occurs only in downstream migrant sockeye from these lakes and in adults returning to them. The nematode Dacnitis truttae, on the other hand, is found only in some sockeye salmon from rivers of the east and west coasts of Kamchatka. Extensive sampling failed to find it in fish from North America. Both parasites have a long life span, as indicated by the presence of the first species in returning adult salmon, and by the occurrence of the second species in fish which have spent as much as four years at sea. Sampling at sea showed that maturing and immature salmon from western Alaska are extensively distributed to the east and west of their area of origin, with maximum migrations of 1100 to 1200 miles. Maturing Kamchatkan salmon migrate 500 to 700 miles eastward from their area of origin, and immature fish up to 1100 to 1200 miles (Fig. 8) . In addition, certain oceanic areas are dominated by maturing fish of certain stocks with different prevalence of Triaenophorus infection as characteristic for certain streams. Comparisons of incidence of infection in schools from different river systems in western Alaska with that of returning salmon showed that there is no or hardly any straying, "even between streams whose mouths are only a few miles apart" (Margolis, 1965) .
Parasites as indicators of the geographical origin of hosts
Von Ihering (1891 Ihering ( , 1902 was the first to use parasites and ectocommensals to clarify relationships of hosts, as well as places of origin, dispersal of hosts, and ancient land connections between land masses. The method is therefore called the von Ihering method. An important assumption for this method is that animals have a greater diversity in areas where they have been for a long time than in those into which they have recently immigrated. Few marine parasites have been used in this respect. Mamaev et al. (1959) and Margolis (1965) pointed out that Pacific salmonids have many freshwater parasites specific to them, some with complex life cycles, but no marine endoparasites. Only two ectoparasites specific to salmonids are marine, a monogenean and a copepod. The authors concluded that salmonids must be of freshwater origin, an assumption also supported by other evidence, although until recently some ichthyologists believed in a marine origin of the group (see "Discussion" and "References" in Margolis, 1965) .
Another example is the controversy about the geographic origin of the southern Margolis, 1965) hake, Merluccius hubbsi (Gadiformes) distributed along the Argentinian coast (Fig. 9) . It shows the importance of accurate and extensive taxonomic studies to avoid wrong conclusions. M. hubbsi had been thought to have evolved from M. merluccius or M. bilinearis in the north Atlantic, but according to Szidat (1961) , its parasites are similar to those of the north Pacific hake M. productus and unlike those in the Atlantic. The same parasite fauna was found in three other gadiforms from the Argentinian coast, i.e. Macruronus magellanicus, Micromesistius australis and Salilota australis, whereas a fourth, Urophycis brasiliensis, had a typically Atlantic parasite fauna. Szidat concluded that the last species immigrated from the northern Atlantic, presumably through deep water along the American east coast, whereas the other four came from the southern Pacific. Kabata (1970) found a parasitic copepod on the Pacific coast of Canada which he considered to be conspecific with Szidat's Neobrachiella lageniformis known only from the Argentinian coast. This finding apparently supported Szidat's conclusion about the origin of M. h ubbsi. However, Ho (1974) observed the same copepod on Atlantic hake on the coast of Florida, and according to the most recent review of Kabata & Ho (1981) Zealand; and IV. insidiosa f. pacifica Kabata, 1979 on Merluccius productus and M. gayi off the Canadian Pacific coast, California, Peru and Chile. Thus, the species originally described as Neobrachiella lageniformis is a form of Neobrachiella insidiosa restricted to Atlantic hake. Confusion had arisen because it closely resembles the eastern Pacific form in having large genital processes. The Pacific form, however, possesses a pair of posterior processes which are absent in younger adult females. Absence of these processes in young adults led to their identification as Neobrachiella lageniformis and the false conclusions concerning the Pacific origin of Merluccius hubbsi (Fig. 10) . Fig. 10 . Neobrachiella insidiosa. (A) f. insidiosa (B) f. lageniformis, (C) f. pacifica (Redrawn after Kabata & Ho, 1981 ) Kabata & Ho (1981) re-assessed the evidence from all copepod parasites of Merluccius for the origin of the group. "Acutely aware of the pitfalls with which the use of such tags is beset, they believed, nonetheless, that such tags can be used, at least as corroborative evidence, to solve many problems of fish biology, including some presented by the investigations of a phylogenetic and zoogeographical nature." They concluded that the genus Merluccius arose in the northern Atlantic and spread southward and into the Pacific through the gap between North and South America, and that hi. hubbsi off Argentina immigrated along the east coast of South America (Fig. 11}. &.," Fig. 11 . Dispersal of the genus Merluccius according to Kabata & Ho (1981) . Interrupted lines indicate dispersal of M. hubbsi (Argentina) and M. australis (New Zealand) according to Inada (1981) Reimer (1981) , examining the trematodes of Merluccius, also concluded that Szidat's hypothesis is not supported by facts. In summary, paleontological and other ichthyological evidence as well as parasite data now firmly confirm the view that hake originated in the northern Atlantic (references in Kabata & Ho, 1981) . However, there is still some doubt on how M. hubbsi reached the South American Atlantic coast. Whereas Kabata & Ho (1981) assume a southward migration along the South American east coast, the ichthyologist Inada (1981) suggests migration along the South American west coast after crossing the Central American gap (Fig. 11) .
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